Sporadic cases of corneal opacity occurred in an SPF rabbit colony fed on a diet containing 10% white fishmeal. Routine histological monitoring also revealed atheromatous lesions involving the intima of the aorta, coronary arteries and the arteries of other organs in 29 rabbits examined. Serum cholesterol levels above 10 mmol/l were found in 7 rabbits, including 4 affected with corneal lesions, which proved to be lipid keratopathy on histochemical and electron microscopical examination.
Introduction
Corneal lesions resembling those of keratomalcia were observed in a small Specified Pathogen Free (SPF) rabbit colony. Similar lesions were thought to be related to the Vitamin A content of the diet (Hunt & Harrington, 1974 showed a 5-10 fold increase over normal (Kozma, Macklin, Cummings & Mauer, 1974) serum cholesterol levels in 3 rabbits selected at random from the colony. As white fish meal, the only animal product in the diet was suspected as being the likeliest atherogenic agent, 2 new formulations of the diet with reduced or no fish meal were fed to the rabbits from January 1983.
This communication presents the results of histological, histochemical and electron microscopial
Received 3 November 1984 . Accepted 11 February 1985 investigations and of serum lipid estimations on rabbits fed on the original and modified diets.
Materials and Methods Animals
The SPF rabbit breeding colony was established by aseptic hysterectomies carried out on conventional New Zealand White (NZW) does and by introducing established-SPF Dutch rabbits from the Laboratory Animals Centre (Carshalton, Surrey, UK). NZW neonates delivered by hysterectomy were hand-reared under germ-free conditions, either on a synthetic milk substitute (Henschel, 1973) (Sebesteny, 1977) . After the appearance of muscular dystrophy the Vitamin E supplement in the diet was raised in 1976 from 60 to 100 mg/kg diet. This diet was designated 'SOIVE100'.
When the first 2 cases of corneal lesions appeared, the Vitamin A supplement was also raised from 4000 to 8000 IV/kg diet in 1981. It was designated 'S06'. The animals were on this diet when artheromatosis and hypercholesterolaemia were first recognized. 
Histological examinations
Tissues were fixed in neutral buffered formalin and processed into paraffin wax. Sections were stained by the Haematoxylin and Eosin, Oiemsa and Von Kossa techniques.
Additional fixed tissues were cryostat sectioned and stained by Haematoxylin and Eosin, Oil Red 0, Sudan Black and Okamoto (Pearse, 1968) methods for cholesterol and its esters.
Electron microscopy
Corneal tissues were initially fixed in 3% glutaraldehyde in phosphate at pH 7·3. Following postfixation in osmium tetroxide the specimens were processed into epoxy resin. Sections mounted on grids were stained with uranyl acetate and lead In view of the artheromatosis in January 1983 the 10% fishmeal content of the diet S06 was completely replaced by 10% extra grass meal for stock and experimental rabbits (diet S08). However, half (5%) of the fishmeal was replaced in the breeding colony only (diet S07) for fear of reducing the protein content too much, to the detriment of breeding performance.
Nevertheless, 4, litters were raised successfully in a trial (Table 5) (Adams, 1983) . The autoclaved hay supplementation was maintained throughout these changes. Triglyceride estimations. These were carried out only by the Institute of Ophthalmology using a fully enzymatic method (A-gent Abbot) on the ASA-100.
Post-mortem examinations

Results
Pathology
The high incidence of atheromatous lesions in the rabbits emerged in the course of routine postmortem and histological examinations, including those made on sporadic cases of emaciation. In 8 emaciated rabbits the only striking post-mortem finding was the presence of large amounts of clear fluid in all serous cavities, yielding no aerobic or anaerobic bacterial growth or parasites. In 29 rabbits artheromatous lesions were present in the intima of the aorta (Fig. 1) , coronary ( Fig. 2) , bronchial, renal arteries and elsewhere, often, but not always, accompanied by renal calcification and nephrosclerosis (Fig. 3) . Both sexes and both NZW and hybrid strains were affected. It was noted that the doubling of Vitamin A supplementation in the diet did not result in the disappearance of corneal lesions (Figs 4 & 5), which macroscopically resembled keratomalacia: opaque, pearly-coloured pannus and irregular thickening of the cornea and adjacent sclera. In one case, lesions were accompanied by bilateal gross enlargement of the third eyelids, which on histological examination proved to be chronic inflammatory tissue containing numerous crystal shaped clefts and foreign-body giant cells (Fig. 6) . Sections of affected corneas revealed ulceration in severe cases. Less severe cases showed hypercellularity and vascularization of the superficial stromal layers, and irregularity and thickening of the overlying epithelium (Fig. 7) . Electron microscopy showed the presence of empty needle-like spaces in the corneal stroma suggestive of cholesterol crystals ( Fig. 8 ; Waring, Rodrigues & Laibson, 1978) . The lipid depositions were located mainly in the thick pannus between Bowman's membrane and epithelium. No pores were observed in the endothelium with lipid 'en passage '. No macroscopical or microscopical evidence of artheromatosis or eye lesions was found in 5-6-month and 5-12-month-old rabbits fed on a trial basis throughout their lives on fishmeal-free (SG8) diet. Tables 2-5 summarize the cholesterol results expressed in millimols/litre (1 mmol/l = 38·7 mg/lOO ml). Serum levels were highest in rabbits with corneal lesions (all 4 examined were above 10 mmol/l; Table 2 ) and in those fed throughout their lives on 10% fishmeal diet but without eye lesions (5·4-12·3 mmol/l; Table 3 ). Levels were moderately elevated in those raised on 10% fishmeal and then maintained on 5% fishmeal (SG7) or fishmeal-free (SG8) diet during their last 11 months of life . ,
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• 185 Fig. 6 . Crystal shaped clefts (a) and multinucleated giant cells (b) in inflamed third eyelid tissue of an affected rabbit. GicllIsa
I<'ig. 7. Hypercellularity (a) and vascularization (hI of the stroma and irregular thickening of the epithelium (c) 01' the cornea affected by lipid keratopathy. Giclllsa x 170. Means ± SE 12·4 ± 0-98 Table 4 ). Levels were within normal range in rabbits raised and maintained entirely on fishmeaJ-free diet (SG8 ; Table 5) , when tested at 6 months (0·5-2,27 010101/1) and retested at 12 months (0·5-1·7 010101/1) of age.
Triglyceride levels did not vary significantly between the four groups.
Discussion
This study was confined to the elucidation and elimination of a pathological syndrome affecting a rabbit colony. An empirical correlation between ocular lesions, atheromatosis, serum cholesterol levels and the fish meal content of the diet has been established. The sporadic cases of serous effusions could also be attributed to congestive heart failure due to artheromatous myocardial ischaemia, although no localized infarcts were found. In rabbits with additional nephrosclerosis, the role of protein loss, or of hypertension leading to heart failure. also has to be considered, as contributing to the effusIons.
The elimination of fish meal from the diet resulted in the prevention of symptoms and lesions, and appears to confirm the dietary origin of the syndrome. No attempt was made to discover the cause 
'NT = not tested as killed at 6 months of age 187 and the mechanism of the apparent artherogenecity of fish meal. Possible candidates are its cholesterol or lipid content, or the composition of its animal protein-derived amino acids.
The eye lesions were considered to be a lipid keratopathy (Cogan & Kuwabara, 1958 ). It has been described in rabbits, in humans (Baum, 1969) , in dogs (Dreyfuss, 1930; Crispin & Barnett, 1983) and in cats (Carrington, 1983) . A correlation between high blood cholesterol, artheromatosis and lipid keratopathy has been postulated but the predisposing role of eye injuries has also been considered in all the species found to be affected so far. There was no history of the latter in the 8 cases observed.
The inclusion of fishmeal in rabbit diets probably dates back to the first pelleted diets made commercially for the meat rabbit industry. Tradition and expediency allowed its retention in diets made for laboratory rabbits, especially as large body size has remained a requirement of rabbit users expecting a high serum yield. The·undesirable effects of the high serum cholesterol that may occur in rabbits fed on diets containing animal products may have hitherto been masked by a high rate of mortality and morbidity due to infections normally prevalent in conventional rabb.it colonies. They became evident in an SPF colony not suffering from the effects of specific pathogens, questioning the wisdom of using animal products for feeding an herbivorous species.
